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a b s t r a c t
In this paper, we investigate some properties of (X, τθ ) such as compactness, separate
property, Lindelöf property and connectedness, where (X, τθ ) is induced by a reflexive
relation θ on X which may be infinite. Moreover, we introduce the concept of
approximating spaces and research their characterizations and properties. Particularly,
we obtain a sufficient and necessary condition that topological spaces are approximating
spaces. These will be not only conducive to better understanding basic concepts and
properties of a rough set, but also have theory and actual significance to topology.
© 2011 Elsevier Ltd. All rights reserved.
1. Introduction
Rough set theory was first proposed by Pawlak [1–5]. It is an extension of set theory for the study of intelligent systems
characterized by insufficient and incomplete information. The foundation of its object classification is an equivalence
relation. The upper and lower approximation operations are two core notions in rough set theory. They can also be seen
as a closure operator and an interior operator of the topology induced by an equivalence relation on a universe.
We may relax equivalence relations so that rough set theory is able to solve more complicated problems in practice.
The classical rough set theory based on equivalence relations has been extended to tolerance relations [6,7], similarity
relations [8,9], dominance relations [10], general binary relations [11–14], and coverings [15–18].
Topology is an important branch ofmathematics,which has the independent theoretic framework, background andbroad
applications. We can introduce topological methods to rough set theory and study the relationship between topological
theory and rough set theory. This have deep theoretical and practical significance beyond doubt. Some researchers carried
out this exploration. For example, Kondo [11] proved that every reflexive relation in a set can induce a topology, proposed
a kind of compactness condition and got that a topology which satisfies the compactness condition can determine the
lower and upper approximation operators induced by a similarity relation. Another kind of compactness condition was
proposed in [19]. As a further result, a one-to-one correspondence between the set of all similarity relations and the set
of all topologies which satisfy the proposed compactness condition was proved. The fact that the topology satisfying the
compactness condition in [19] is exactly an Alexandrov topology was pointed out in [20]. Topological properties of different
rough operators were discussed in [21].
In the above papers, researchers focused on exploring the correspondence relations between generalized rough sets and
topologies, and the conditions that forming a topology need to satisfy. They did not study properties of the topological spaces
induced by reflexive relations.
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In [22], the first author of this paper introduced the concept of transmitting expression θs of a binary relation θ onuniverse
X which may be infinite, proved that (X, τθ ) = (X, τθs), where (X, τθ ) and (X, τθs) are induced by a reflexive relation θ on X
and θs respectively. The open neighborhood base of each point of (X, τθ ) are obtained by the transmitting expression θs on
X . With the open neighborhood base of each point, we investigated some properties of (X, τθ ) such as countable property,
separating property, local connectedness and pseudo-metrizability.
The purpose of this paper is to investigate further properties of the topological spaces induced by different binary
relations.
The remaining part of this paper is organized as follows. In Section 2, the concepts of generalized rough sets induced
by binary relations are reviewed. In Section 3, several basic concepts and results are introduced. Sections 4 and 5 include
respectively some properties of (X, τθ ) induced by a reflexive relation θ or a tolerant relation θ on X which may be infinite.
In Section 6, approximating spaces are introduced and their characterizations and properties are researched. Conclusion is
in Section 7.
2. Generalized rough sets induced by binary relations
In this section, we recall some basic concepts in rough set theory.
Throughout this paper, X denotes the universe which may be infinite, P (X) denotes the power set of X and A denotes
the closure of subset A in X whenever X is a topological space.
Let θ be a binary relation on the universe X . For any A ⊆ X , we define operators θ− and θ+ fromP (X) to itself as follows:
θ−(A) = {x ∈ X : if xθy, then y ∈ A},
θ+(A) = {x ∈ X : there exists y ∈ A such that xθy}.
θ−(A) is called a lower approximation of A, θ+(A) an upper approximation of A. The pair (X, θ) is called a generalized
approximation space or generalized rough set. If θ−(A) = θ+(A), then A is called a definable set or generalized exact set. If
θ−(A) ≠ θ+(A), then A is called an undefinable set. We know that a generalized rough set (X, θ) is the rough set in the sense
of Pawlak if θ is an equivalence relation on X .
3. Definitions and propositions
In this section, we introduce some basic concepts and relational propositions.
Let X be a nonempty set and θ a binary relation on X . For any A ⊆ X , we define
τθ = {A ⊆ X : θ−(A) = A}.
Kondo [11] proved that if θ is a reflexive relation on X , then τθ is a topology on X , which may be called the topology induced
by θ on X .
Definition 3.1 ([11]). Let θ be a reflexive relation on X . Then (X, τθ ) is called the topological space induced by θ on X .
Definition 3.2 ([22]). Let θ be a binary relation on X . Then θ is called a tolerance relation on X if θ is both reflexive and
symmetric.
Definition 3.3 ([22]). Let θ and θs be two binary relations on X . If for all x, y ∈ X, xθsy if and only if xθy or there exists
{v1, v2, . . . , vn} ⊆ X such that xθv1, v1θv2, . . . , vnθy, then θs is called the transmitting expression of θ .
Proposition 3.4 ([22]). Let θ be a binary relation on X and θs the transmitting expression of θ . Then θs is a transitive relation on
X. Moreover,
(1) if θ is reflexive, then θs is also reflexive;
(2) if θ is transitive, then θs = θ ;
(3) if θ is symmetric, then θs is also symmetric.
Definition 3.5. (1) LetPθ be a base of topological space (X, τθ ), which is induced by a reflexive relation θ on X . For P ∈ Pθ ,
if there does not exist P ′ ∈ Pθ \ {P} such that P ⊆ P ′, then P is called a maximal element of Pθ .
(2) P ∗θ denotes the set of all maximal elements of Pθ . Since ∪P ∗θ = X,P ∗θ is called the minimal complete cover of (X, τθ )
relative to the base Pθ .
Definition 3.6 ([23]). Let X be a nonempty set. Then d : X × X → [0,+∞) is called a pseudo-metric map on X , if for all
x, y, z ∈ X ,
(a) d(x, x) = 0;
(b) d(x, y) = d(y, x);
(c) d(x, z) ≤ d(x, y)+ d(y, z).
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For each x ∈ X, A ⊆ X, r > 0, put
B(x, r) = {y ∈ X : d(x, y) < r},
d(x, A) = inf{d(x, y) : y ∈ A}.
A topological space X is called a pseudo-metrizable space, if there exists a pseudo-metric map d on X such that {B(x, r) :
x ∈ X, r > 0} constitutes a base of X .
Proposition 3.7 ([23]). Let X be a pseudo-metrizable space. If d is a pseudo-metric map on X and A ⊆ X, then x ∈ cl(A) if and
only if d(x, A) = 0.
Definition 3.8 ([23]). Let X be a topological space. If A ⊆ X is open in X if and only if A is closed in X , then X is called a
pseudo-discrete space.
4. The properties of topological spaces induced by a reflexive relation
In this section, we will investigate the properties of (X, τθ ) induced by a reflexive θ on X .
Lemma 4.1 ([22]). Let θ be a reflexive relation on X and θs the transmitting expression of θ . For each x ∈ X, put Lx = {y ∈ X :
xθsy}. Then
(1) Lx ∈ τθ ;
(2) {Lx} is an open neighborhood base of x;
(3) Lx is a compact subset of (X, τθ );
(4) Bθ = {Lx : x ∈ X} is a base for (X, τθ ).
Remark 4.2. (1) Let θ be a binary relation on X . For all x, y ∈ X , if xθy and yθx, then Lx = Ly.
(2) For each B ∈ Bθ , B cannot be expressed as the union of some elements ofBθ \{B}. Otherwise, there existsOθ ⊆ Bθ \{B}
such that B = ∪Oθ . By B ∈ Bθ , there exists x ∈ X such that B = Lx. Since x ∈ B, there exists A ∈ Oθ such that x ∈ A ⊆ B.
By Lemma 4.1, Lx ⊆ A. Then B = A and this implies a contradiction. Hence B cannot be expressed as the union of some
elements ofBθ \ {B}.
(3) Let Pθ be a base for (X, τθ ). ThenBθ ⊆ Pθ . Otherwise, there exists B ∈ Bθ but B ∉ Pθ . Notice that B ∈ Bθ , there exists
x ∈ B such that B = Lx. Since Pθ is a base for (X, τθ ), there exists Pθ ′ ⊆ Pθ such that B = ∪Pθ ′. Thus x ∈ P ⊆ B for
some P ∈ Pθ ′. By Lemma 4.1, B ⊆ P . Then B = P ∈ Pθ and this is a contradiction. HenceBθ ⊆ Pθ .
Theorem 4.3 ([22]). Let (X, τθ ) be the topological space induced by a reflexive relation θ on X. Then
(1) (X, τθ ) is a first countable space;
(2) (X, τθ ) is a locally compact space.
(3) If X is countable, then (X, τθ ) is a second countable space.
Theorem 4.4 ([22]). Let θ be a reflexive relation on X and θs the transmitting expression of θ . Then (X, τθ ) = (X, τθs).
Lemma 4.5. Let (X, τθ ) be the topological space induced by a reflexive relation θ on X,B∗θ theminimal complete cover of (X, τθ )
relative to the baseBθ . Then, for each F ∈ B∗θ ,

(Bθ \ {F}) ≠ X and(B∗θ \ {F}) ≠ X.
Proof. Suppose that

(Bθ \ {F}) = X . Then there exists Bθ ′ ⊆ Bθ \ {F} such that F ⊆ ∪Bθ ′. Since F ∈ B∗θ ⊆ Bθ , there
exists x ∈ X such that F = Lx. So x ∈ F ′ for some F ′ ∈ Bθ ′. By Lemma 4.1(2), F = Lx ⊆ F ′. Thus F is not a maximal element
ofBθ and this implies a contradiction. Hence

(Bθ \ {F}) ≠ X .
Since

(Bθ \ {F}) ≠ X,(B∗θ \ {F}) ≠ X . 
Lemma 4.6. Let (X, τθ ) be the topological space induced by a reflexive relation θ on X,B∗θ theminimal complete cover of (X, τθ )
relative to the baseBθ and Pθ an open cover of (X, τθ ). Then, for each F ∈ B∗θ , there exists P ∈ Pθ such that F ⊆ P.
Proof. Since Pθ is an open cover of (X, τθ ), for each F ∈ B∗θ , there exists Pθ ′ ⊆ Pθ such that F ⊆

Pθ
′. Because
F ∈ B∗θ ⊆ Bθ , then F = Lx for some x ∈ F . So there exists P ∈ Pθ ′ ⊆ Pθ such that x ∈ P . By Lemma 4.1, F ⊆ P . 
Lemma 4.7. Let (X, τθ ) be the topological space induced by a reflexive relation θ on X,B∗θ theminimal complete cover of (X, τθ )
relative to the baseBθ , andQθ an open cover of (X, τθ ), which is constituted by some elements of Bθ . ThenB∗θ ⊆ Qθ .
Proof. For each F ∈ B∗θ , we claim F ∈ Qθ . Otherwise, F ∉ Qθ . Since

Qθ = X,(Qθ \ {F}) = X . So(Bθ \ {F}) = X . By
Lemma 4.5,

(Bθ \ {F}) ≠ X and this is a contradiction. ThusB∗θ ⊆ Qθ . 
Theorem 4.8. Let (X, τθ ) be the topological space induced by a reflexive relation θ on X,B∗θ is the minimal complete cover of
(X, τθ ) relative to the baseBθ . Then (X, τθ ) is a compact space if and only if B∗θ is a finite set.
Proof. The if part follows from Lemma 4.6. We will prove the only if part. Suppose that (X, τθ ) is compact. Since Bθ is an
open cover of (X, τθ ),Bθ has a finite subcoverBθ ′. By Lemma 4.7,B∗θ ⊆ Bθ ′. Thus |B∗θ | ≤ |Bθ ′|. HenceB∗θ is a finite set. 
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5. The properties of topological spaces induced by a tolerance relation
In this section, we will investigate the properties of (X, τθ ) induced by a tolerance relation θ on X .
Lemma 5.1 ([11]). Let (X, τθ ) be the topological space induced by a tolerance relation θ on X. Then for any A ⊆ X, A is open if
and only if A is closed.
Theorem 5.2. Let (X, τθ ) be the topological space induced by a tolerance relation θ on X. Then (X, τθ ) is T0 if and only if (X, τθ )
is discrete.
Proof. The if part is obvious.Wewill prove the only if part. By Lemma 4.1(4), we know that if θ is reflexive, then {Lx : x ∈ X}
is a base for (X, τθ ).
We claim that Lx = {x} for any x ∈ X . In fact. Suppose Lx ≠ {x} for some x ∈ X . By Proposition 3.4, θs is an equivalence
relation on X . So Lx = [x]θs . Pick y ∈ [x]θs such that y ≠ x. Since (X, τθ ) is T0, there exists an open subset U such that x ∈ U
and y ∉ U , or there exists an open subset V such that y ∈ V and x ∉ V . If there exists an open subset U such that x ∈ U
and y ∉ U , then x ∈ Lz ⊂ U for some z ∈ X by Lemma 4.1(4). It follows that y ∉ Lz . Since θs is an equivalence relation on
X, [x]θs = [z]θs = Lz . Thus y ∈ [x]θs = Lz is a contradiction. If there exists an open subset V such that y ∈ V and x ∉ V , then
the proof is similar.
Hence {x} is open for any x ∈ X . Therefore, all subsets of X are open and this means that (X, τθ ) is discrete. 
Theorem 5.3. Let (X, τθ ) be the topological space induced by a tolerance relation θ on X. Then following are equivalent:
(1) X/θs is countable;
(2) (X, τθ ) is a second countable space;
(3) (X, τθ ) is a separable space;
(4) (X, τθ ) is a Lindelöf space.
Proof. (1) ⇒ (2). Since θs is an equivalence relation on X, {Lx : x ∈ X} = X/θs. By Lemma 4.1(4), (X, τθ ) is a second
countable space.
(2) ⇒ (1). Suppose that G is a countable base for (X, τθ ). Then for x ∈ X , there exists Gx ∈ G such that x ∈ Gx ⊆ Lx.
By Lemma 4.1(4), x ∈ Ly ⊆ Gx for some y ∈ X . Since Lx = [x]θs = [y]θs = Ly,Gx = [x]θs . We define f : X/θs → G by
f ([x]θs) = Gx, then f is injective. Thus |X/θs| ≤ |G|. Hence X/θs is countable.
(2)⇒ (3) and (2)⇒ (4) are obvious.
(3) ⇒ (2). Suppose that C is a countable dense subset of (X, τθ ). Put F = {Lx : x ∈ C}. Then F is countable. By
Lemma 4.1(4), for each x ∈ X and open subset U with x ∈ U , we have x ∈ Ly ⊆ U for some y ∈ X . Since C is dense,
Ly

C ≠ ∅. Pick z ∈ Ly C . Then Lz ∈ F . Since θs is an equivalence relation on X, Lz = [z]θs = [y]θs = Ly. It follows
x ∈ Lz ⊆ U . Hence F is a base for (X, τθ ). Therefore (X, τθ ) is a second countable space.
(4) ⇒ (2). Suppose that X/θs is not countable. Since θs is an equivalence relation on X, {Lx : x ∈ X} = X/θs. It is
obvious that {Lx : x ∈ X} is an open cover of (X, τθ ). But {Lx : x ∈ X} do not have any countable subcover and we obtain a
contradiction. 
Theorem 5.4. Let (X, τθ ) be the topological space induced by a tolerance relation θ on X. Then (X, τθ ) is a connected space if
and only if θs = X × X.
Proof. Suppose that (X, τθ ) is connected. If θs ≠ X×X , then (X×X)\ θs ≠ ∅. Pick (x, y) ∈ (X×X)\ θs. Then y ∉ [x]θs = Lx.
So Lx ≠ X and Lx ≠ ∅. By Lemma 5.1, Lx is both open and closed. This gives a contradiction. Now suppose that θs = X × X .
Then X/θs = {X}. So τθ = {X,∅}. Thus (X, τθ ) is connected. 
Theorem 5.5 ([22]). Let (X, τθ ) be the topological space induced by a tolerance relation θ on X. Then
(1) (X, τθ ) is a locally connected space;
(2) (X, τθ ) is a locally separable space;
(3) (X, τθ ) is a regular space;
(4) (X, τθ ) is a normal space;
(5) (X, τθ ) is a pseudo-metrizable space.
6. Approximating spaces
In this section, we introduce the concept of approximating spaces and obtain their characterizations and properties.
Definition 6.1. Let (X, µ) be a topological space. If there exists an equivalence relation θ on X such that τθ = µ, then (X, µ)
is called an approximating space.
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By Lemma5.1, approximating spaces are pseudo-discrete spaces. But,whether pseudo-discrete spaces are approximating
spaces? The following theorem answers certainly this problem.
Theorem 6.2. Let (X, µ) be a topological space. Then the following are equivalent:
(1) (X, µ) is an approximating space;
(2) (X, µ) is both pseudo-metrizable and pseudo-discrete;
(3) (X, µ) is a pseudo-discrete space.
Proof. (1)⇒ (2) holds by Lemma 5.1 and Theorem 5.5.
(2)⇒ (1). Suppose that (X, µ) is both pseudo-metrizable and pseudo-discrete. Then there exists a pseudo-metric map
d on X such that {B(x, r) : x ∈ X, r > 0} is a base for (X, µ). We define a binary relation θ on X as follows.
For any x, y ∈ X, xθy if and only if d(x, y) = 0.
Since d is a pseudo-metric on X, θ is an equivalence relation on X .
We will prove that τθ = µ. Let A ∈ µ. By Proposition 3.7, cl(A) = {x ∈ X : d(x, A) = 0}. Since (X, µ) is pseudo-discrete,
A is closed in (X, µ). So A = {x ∈ X : d(x, A) = 0}. Obviously, A ⊆ {[x]θ : x ∈ A}. If y ∈ [x]θ with x ∈ A, then
d(y, A) ≤ d(y, x) = 0. So y ∈ {x ∈ X : d(x, A) = 0} = A. This implies that A ⊇{[x]θ : x ∈ A}. Thus A ={[x]θ : x ∈ A}. It
follows that A ∈ τθ . Hence µ ⊆ τθ .
On the other hand, let x ∈ X . By Proposition 3.7, {x} = {y ∈ X : d(y, x) = 0}. Then {x} = [x]θ . Now [x]θ is closed in
(X, µ). Since (X, µ) is pseudo-discrete, [x]θ ∈ µ. Since {[x]θ : x ∈ X} is a base for (X, τθ ), τθ ⊆ µ.
Hence τθ = µ. This show that (X, µ) is an approximating space.
(2)⇒ (3) is obvious.
(3) ⇒ (2). Suppose that (X, µ) is pseudo-discrete. For any x ∈ X, C(x) denotes a connected component with x ∈ C(x).
Then C(x) is closed in (X, µ). So {x} ⊆ C(x). Let y ∈ C(x). Since C(x) is a connected component with x ∈ C(x), there exists a
connected subset A of X such that x, y ∈ A. Since X is pseudo-discrete, {x} is both open and closed in (X, µ). Note that {x} A
is both open and closed in the subspace A and A is connected. Then {x} A = A. So y ∈ {x}. This implies that C(x) ⊆ {x}.
Thus C(x) = {x}.
We define d : X × X → [0,+∞) as follows:
d(x, y) =

0, if C(x) = C(y),
1, if C(x) ≠ C(y).
It is easy to prove that d is a pseudo-metric on X .
For any x ∈ X and r > 0,
B(x, r) =
{x}, if r ≤ 1,
X, if r > 1.
Then B(x, r) is closed in (X, µ). Since X is pseudo-discrete, B(x, r) ∈ µ. Let x ∈ X and U ∈ µ with x ∈ U . Since X is
pseudo-discrete, U is closed in (X, µ). So {x} ⊆ U . By Proposition 3.7, {x} = {y ∈ X : d(y, x) = 0}. Then B(x, 1) = {y ∈ X :
d(x, y) < 1} = {y ∈ X : d(x, y) = 0} = {x}. Thus {B(x, r) : x ∈ X and r > 0} is a base for (X, µ).
Hence (X, µ) is pseudo-metrizable. 
Corollary 6.3. Discrete spaces are approximating spaces.
Theorem 6.4. Quotient maps preserve approximating spaces.
Proof. Suppose that Y is the image of an approximating space X under a quotient map f . Since f is a quotient map, B ⊆ Y is
open in Y if and only if f −1(B) is open in X . By Theorem 6.2, f −1(B) is open in X if and only if f −1(B) is closed in X . Because
f is a quotient map, then f −1(B) is closed if and only if B ⊆ Y is closed in Y . Thus, B ⊆ Y is open in Y if and only if B is closed
in Y . Hence Y is an approximating space by Theorem 6.2. 
Example 6.5. Continuous maps do not preserve approximating spaces.
Let X be real number set R endowed with the usual discrete topology, let Y be real number set R endowed with the
usual Euclidean topology, and let f be the identity map from X onto Y , then f is a continuous map. By Corollary 6.3, X is an
approximating space. But Y is not an approximating space. Thus continuous maps do not preserve approximating spaces.
7. Conclusion
In this paper, we studied the topological structure of generalized rough sets, where the topology is induced by a reflexive
relation and a tolerance relation respectively. We investigated approximating spaces and obtained sufficient and necessary
conditions that topological spaces are approximating spaces. In future papers, we will continue the study of topological
properties of rough sets.
Z. Li et al. / Computers and Mathematics with Applications 63 (2012) 1066–1071 1071
Acknowledgments
The authors would like to thank the editors and the anonymous reviewers for their valuable comments and suggestions
which have helped immensely in improving the quality of the paper. This work is supported by the National Natural
Science Foundation of China (No. 11061004, 11071061), the Natural Science Foundation of Guangxi Province in China (No.
2011GXNSFA018125), the Science Research Project of Guangxi University for Nationalities (No. 2010ZD009) and Grants (No.
HCIC201108) of Guangxi Key Laboratory of Hybrid Computational and IC Design Analysis Open Fund.
References
[1] Z. Pawlak, Rough sets, International Journal of Computing and Information Sciences 11 (1982) 341–356.
[2] Z. Pawlak, Rough Sets: Theoretical Aspects of Reasoning About Data, Kluwer Academic Publishers, Boston, 1991.
[3] Z. Pawlak, A. Skowron, Rudiments of rough sets, Information Sciences 177 (2007) 3–27.
[4] Z. Pawlak, A. Skowron, Rough sets: some extensions, Information Sciences 177 (2007) 28–40.
[5] Z. Pawlak, A. Skowron, Rough sets and Boolean reasoning, Information Sciences 177 (2007) 41–73.
[6] G. Cattaneo, D. Ciucci, Algebraic structures for rough sets, Lecture Notes in Computer Science 3135 (2005) 208–252.
[7] A. Skowron, J. Stepaniuk, Tolerance approximation spaces, Fundamenta Informaticae 27 (1996) 245–253.
[8] R. Slowinski, D. Vanderpooten, Similarity relation as a basis for rough approximations, ICS Research Report 53 (1995) 249–250.
[9] R. Slowinski, D. Vanderpooten, A generalized definition of rough approximations based on similarity, IEEE Transactions on Knowledge and Data
Engineering 12 (2000) 331–336.
[10] S. Greco, B. Matarzzo, R. Slowinski, A new rough set approach to evaluation of bankrptey, in: C. Zopounidis (Ed.), Operational Tools in theManagement
of Financial Risks, Kluwer Academic Publishers, Dordrecht, 1998, pp. 121–136.
[11] M. Kondo, On the structure of generalized rough sets, Information Science 176 (2006) 589–600.
[12] Y. Yao, Constructive and algebraic methods of the theory of rough sets, Information Sciences 109 (1998) 21–47.
[13] W. Zhu, Generalized rough sets based on relations, Information Sciences 177 (2007) 4997–5011.
[14] W. Zhu, Relationship between generalized rough sets based on binary relation and covering, Information Sciences 179 (2009) 210–225.
[15] Z. Bonikowski, Algebraic structures of rough sets, in: W. Ziarko (Ed.), Rough Sets, Fuzzy Sets and Knowledge Discovery, Springer, Berlin, 1994,
pp. 243–247.
[16] J.A. Pomykala, Approximation operations in approximation space, Bulletin of the Polish Academy of Sciences 35 (1987) 653–662.
[17] W. Zhu, F. Wang, Reduction and approximation of covering rough sets, Information Sciences 152 (2003) 217–230.
[18] X. Ge, An application of covering approximation spaces on network security, Computers and Mathematics with Applications 60 (2010) 1191–1199.
[19] K. Qin, J. Yang, Z. Pei, Generalized rough sets based on reflexive and transitive relations, Information Sciences 178 (2008) 4138–4141.
[20] H. Zhang, Y. Ouyang, Z. Wang, Note on ‘‘Generalized rough sets based on reflexive and transitive relations’’, Information Sciences 179 (2009) 471–473.
[21] W. Zhu, Topological approaches to covering generalized rough sets, Information Sciences 177 (2007) 1499–1508.
[22] Z. Li, Topological properties of generalized rough sets, in: 2010 Seventh International Conference on Fuzzy Systems and Knowledge Discovery, vol. 5,
2010, pp. 2067–2070.
[23] R. Engelking, General Topology, Polish Scientific Publishers, Warszawa, 1977.
